Objective: To determine the levels of proinflammatory cytokines and matrix metalloproteinases (MMPs) in the CSF of patients with virologically verified varicella zoster virus (VZV) vasculopathy.
stroke and whose CSF contained anti-VZV immunoglobulin G antibodies by ELISA (50% women, average age 56.7 years, range 20-75 years). The second group was CSF from 30 positive control CNS inflammatory disease patients with MS, including 17 with relapsing-remitting MS, 2 of whom were taking interferon (IFN) beta-1a or corticosteroids, and 13 patients with primary progressive MS (70% women, average age 44.3 years, range 24-62 years). The third group (negative control) was CSF from 20 healthy patients with no history of neurologic disease (90% women, average age 36.6 years, range 18-65 years). All CSF samples were centrifuged within 30 minutes at 800 rpm at 4°C for 5 minutes, and the supernatant was stored at 280°C until use.
Multiplex electrochemiluminescence immunoassay. Levels of 10 cytokines in the liquid phase of the CSF, including IL-1b, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13, IFN gamma (IFNg), and tumor necrosis factor a (TNF-a), were measured using the Meso Scale Discovery Proinflammatory Panel 1 kit (Rockville, MD) according to the manufacturer's instructions. Levels of 5 MMPs in the liquid phase of CSF, i.e., MMP-1, -2, -3, -9, and -10, were measured using Meso Scale Discovery's MMP 2-Plex and MMP 3-Plex Ultra-Sensitive kits (Rockville, MD) according to the manufacturer's instructions. Cytokine and MMP concentrations were calculated by reference to a standard curve for each molecule derived using various concentrations of the standards assayed in the same manner as the CSF samples. The lower and upper limits of detection were calculated based on the concentration of signal equal to 2.5 SDs above the zero calibrator and below the upper plateau of the standards curve, respectively. All samples were analyzed in duplicate.
Statistical analysis. Kruskal-Wallis analysis was used to compare differences among the 3 groups and between individual groups.
RESULTS Cytokine levels in VZV vasculopathy CSF. DISCUSSION Because vascular remodeling is caused, in part, by inflammation and degradation of the extracellular matrix, we analyzed the levels of proinflammatory cytokines and MMPs in CSF from patients with VZV vasculopathy compared to inflammatory CSF from patients with MS and CSF from healthy controls. Elevated levels of IL-8, IL-6, IL-1b, TNF-a, IFNg, and IL-2, as well as MMP-1, -2, -3, -9 and -10, in patients with VZV vasculopathy and patients with MS are consistent with the inflammatory nature of both disorders. The specific elevation of IL-8 in VZV vasculopathy CSF compared to MS CSF and CSF from healthy controls is important because it is a proinflammatory cytokine/chemokine that recruits neutrophils, consistent with an abundance of neutrophils in cerebral arteries in early VZV vasculopathy, 2 in zoster vesicular fluid, 4 and in the CSF of patients with VZV inflammatory brainstem disease. 5 The significant elevation of IL-6 in VZV vasculopathy CSF compared to CSF of both patients with MS and healthy controls likely reflects its proinflammatory role in inducing differentiation of macrophages, 6 which are prominent in VZV-infected cerebral arteries of patients with VZV vasculopathy.
2 IL-6 also induces smooth muscle cell migration and proliferation, 7 which contribute to myofibroblast accumulation in the thickened intima of VZV-infected cerebral arteries. 1 Increased levels of IL-12p70 in some VZV vasculopathy CSF compared to MS CSF likely mirrors T cell activation and secretion of inflammatory cytokines, consistent with the prevalence of T cells in VZV-infected arteries.
2 Figure 1 Cytokine levels in CSF from patients with VZV vasculopathy, patients with MS, and from healthy controls Unlike VZV vasculopathy CSF, that of patients with MS showed elevated IL-10 levels, consistent with an earlier report 8 and with the role of IL-10 in promoting antibody production in this B cell-driven disease.
The significant elevation of MMP-2 in VZV vasculopathy CSF compared to MS CSF and CSF of healthy controls most likely reflects increased degradation of the extracellular matrix in VZV-infected arteries. Our findings of elevated MMPs in VZV vasculopathy and MS CSF support the role of multiple classes of MMPs in degradation of the extracellular matrix, tissue remodeling, and angiogenesis associated with inflammatory CNS diseases.
Finally, the pathology of both intracerebral VZV vasculopathy and giant cell arteritis (GCA) is identical and characterized by granulomatous arteritis. Furthermore, VZV antigen is present in both cerebral arteries of patients with VZV vasculopathy and in the temporal arteries of patients with GCA. 9 Thus, GCA is likely to be an extracranial form of VZV vasculopathy in which the temporal artery is primarily affected. Consistent with this notion are the significantly increased levels of IL-8, IL-6, and MMP-2 in VZV vasculopathy CSF compared to MS CSF and control CSF, which parallel elevated levels of (1) IL-8 and neutrophils in the blood of patients with GCA during corticosteroid taper, 10 (2) IL-6 in the serum of patients with GCA, 11 and (3) MMP-2 in temporal artery biopsies and in the aorta of patients with GCA. 12 
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